Abstract: Despite the widespread use of hot mix asphalt (HMA) Overlay as one of the most important methods of pavement maintenance, rehabilitation and development of roads
INTRODUCTION
Introducing a traditional road pavement with hot asphaltic mixtures to withstand heavy vehicles axle load at high temperature is not good choice if mixture left without any addition of binder modifiers or any other techniques. The rapid growth of community may be the main cause for deteriorating of hot mixtures pavement due to increasing traffic load.
Numerous Researchers had forced in their researches to produce a new hot mixtures that can withstand any remain in service for longer time against adverse climate and traffic conditions, such as polymer. Awwad and Shbeeb (2007) studied such type of polymer on hot mixtures using the dry process. They blended polymer with the bitumen with (6, 8, 10, 12, 14, 16 and 18%) from bitumen weight. They concluded that addition of 12% of polymer at optimum asphalt content reflected better engineering properties that untreated mixes, in term of mechanical and volumetric properties. Navarro et al. (2007) Revealed in their study that Polymers can significantly improve the asphalt pavements performance at low, intermediate and high temperatures. They can increase the resistance of mixture to permanent deformation, thermal fracture and fatigue cracking at low temperature, decrease plastic flow and increase shear modulus at high temperature Abd-A.M.Al-D (2003) studied the effect of three different types of polymers with different percentages on the specifications of asphalt mixtures: high density polyethylene (HDPE) and styrene butadiene rubber. The addition of hydrate and HDPE as additives to asphalt mixtures improved their resistance of the tensile and its resistance to the impact of water. Also, addition 8% of the weight of asphalt of HDPE increases the resistance of asphalt mix for the tensile strength about 38.7%.
In this research polyethylene, which is one type of plastomers, has utilized using the wet process, to modify asphalt mix properties. The principle objectives of this research were to: 1-Enhance mixture resistance to thermal cracking.
2-
Improve mix stability and reduce vertical and horizontal deformations.
3-
Determination the optimum polymer content that enhance mix performance and keep other properties within the specifications, after selecting the optimum bitumen content in the mix.
MATERIALS •
The middle values of Aggregate gradation was selected for wearing layer type 3B with max size of 9.5mm as specified in the Iraqi limitations (GSRB, 2003) . Coarse and fine aggregates were provided from local Karbala quarries, and their properties are presented in Table 1 . • Ordinary Portland Cement (OPC) was utilized as filler in this research, which was provided by Karbala cement Plant.
• Asphalt binder was provided by the Doura refinery with grade (AC 40-50), its properties are presented in Table 2 .
• Polymeric materials: Polypropylene was used in granules form which were prepared from local markets in Karbala. It was availability, wide applications and special characteristics, particularly thermal properties. The specification and basic characteristics of the propylene granules that used in the research were determined by the manufacturer and as shown in Table ( 3). Marshall test design method is considered common method for determining amount of required bitumen in the mixture that reflected best mechanical and volumetric properties, as will be clarified later. The study will include design of reference mixture without polymer for comparison and to clear effect of polymer.
DESIGN OF THE REFERENCE ASPHALT MIXTURE
The asphalt mixture was designed according to Marshall's design method (ASTM, 2015a After determining the properties of Marshall, the relationship between the added asphalt ratio and each of the characteristics given by the Marshall test was measured (Marshall stability, Marshall flow, volumetric weight, air void, V.M.A, V.F.A) (1, 2, 3, 4, 5, 6) respectively, and by studying and analysing the resulting curves in the previous forms we find that:
1. Figure 2 shows that the value of Marshall stability increases by increasing the percentage of asphalt to reach a maximum stability value, after which the stability value tends to decrease with the increase of the asphalt percentage. This explains that when the asphalt percentage is low, the cohesion between the coarse and fine aggregates is weak, Asphalt, which plays the role of the bonding material, becomes more cohesive until reaching the maximum value of stability. The value of stability decreases after the added asphalt percentage becomes large. This reduces the cohesion between the coarse and fine aggregates and facilitates their sliding on one another which causes the grains to float in the asphalt. Leads to a reduction in the value of the Marshall stability.
2. In Figure 3 , it can be noticed that the value of the flow increases with the increase of the added asphalt percentage. This is explained by the increase in the percentage of added asphalt which facilitates the movement of the coarse and fine aggregates in the asphalt mixture and reduces the friction between them. Consequently, increasing the usability of slippage which increases the flow values.
3. Figure 4 shows that the volumetric weight expressed by the volumetric density of the asphalt mix increases with the percentage of asphalt until the curve reaches a maximum value. After this value, the volumetric weight decreases with the increase in the asphalt percentage. Which is due to increase the percentage of asphalt less the friction between the coarse and fine aggregate and easy to slip and move between them, which increases the effectiveness of the compaction. Consequently, increases the density of the asphalt mixture and continues this effect with increasing the percentage until it reaches to optimum value then plays the increase in the percentage of asphalt reverse role, leading to the spacing between grains, increase spaces and the lack of effective compaction, which leads to a decrease in the value of the volumetric weight and thus the volume density.
4. Figure 5 shows that the percentage of air void in the asphalt mix decreases with the increase in the asphalt percentage. This is due to the fact that the added asphalt is a part of it absorbed by the coarse and fine aggregate and fillers and its quantity is related to granular composition of the filler of the mixture. Whereas, the remaining asphalt, leads to coating the coarse and fine aggregate, and filler and performed the main function of asphalt as bonding of asphalt mixture. Performs the main asphalt function as a bonding material in the asphalt mixture, this part is called effective asphalt. Consequently, the increase in the asphalt content from the amount absorbed by the coarse and fine aggregates, filler and the required amount for coating the coarse and fine aggregates the coarse and fine aggregates which form an excess amount of asphalt will be formed to fill the remaining space between the coarse and fine aggregate coated with asphalt, thus reducing the percentage of air voids in the asphalt mix.
5. Figure 5 shows that the percentage of V.M.A in the asphalt mix decreases with the increase of the added asphalt percentage until reaching a small value for the percentage of V.M.A. V.M.A begins to increase with the increase of asphalt. Because, the asphalt helps to easy slipping the coarse and fine aggregate and fillers on each other. Increases the percentage of asphalt increases the effectiveness of compaction and the density of the asphalt mixture thus reduce the percentage of V.M.A, even reaching to the percentage that plays opposite role. Which, reduces the effectiveness of the compaction and thus mix asphalt density decreases and increases the percentage of voids between the coarse aggregate and fine materials and fillers in the asphalt mixture.
6. Figure 6 shows that the percentage of V.F.A increases with the increase in the percentage of added asphalt and curved asphalt as opposed to the curve formed from the ratio of the asphalt percentage with the air void in the asphalt mixture. This is due to the same discussion of Figure 5 . Table (7) . 
EFFECT OF ADDITION OF POLYPROPYLENE GRANULES ON THE PROPERTIES OF ASPHALT MIXTURES
The effect of the addition of polypropylene granules on the properties of asphalt mixtures was studied by adding them to the asphalt binder in different percentages (1, 2, 3,4,5,7%) of the weight of the asphalt. The wet process was followed for mixing the polymer with the bituemn (at optimum bitumen content). The method was achived by blending the polymer and the bitumen at temperture not less than 150C for 2hr to ensure mixture momogenitiy using high speed rotary mechnie mixer. The higher temperature of mixing facilities mixing process through reducing bitumen viscosity, and sufficient particles melting of the used polymer.Then, forming samples of the modified asphalt mixture in the previous proportions by three samples at least for each percentage of additive and take the mean value and compare it with unmodified samples with granules, depending on the characteristics given by the indirect tensile resistance test, and determine the best proportion of granules that gives better improvement in the properties of the asphalt mix.
Indirect Tensile Strength Test (ITS)
The indirect tensile strength test was performed based on (ASTM, 2012), and the determination of both the indirect tensile strength and the horizontal and vertical flow of the modified samples were made with Table 8 . The values of the physical properties of the asphalt mixture including indirect tensile test samples as shown in Table (9) volumetric weight, percentage of air spaces, percentage of coarse,fine aggregates, filler, percentage of asphalt-filled spaces. The indirect tensile strength test shows that the addition of polypropylene granules has improved the properties of asphalt mixtures. This improvement in properties is shown by the following figures:
1-effect on indirect tensile strength: As shown in Fig. 8 , the indirect tensile strength of the asphalt mix is generally increased with the increase in the percentage of the added polypropylene granules, where the increase in resistance is weak in the few percentages of the granules and the effective effect begins for polypropylene granules on tensile strength after 2% of the addition, which increases about 32% higher than the reference mixture at percentages 4% of the addition. Then effect of the granules on improving the resistance of the indirect tensile strength decreased by 4% of the addition, after which the granule effect improved. Indirect tensile strength. This is explained by the fact that with the addition of polypropylene granules to the asphalt binder, it changes its chemical composition to form a homogeneous mixture with greater adhesion properties which increases the cohesion of the asphalt mixtures and thus increases its resistance to stresses.
2-Influence on horizontal and vertical deformation: Both horizontal and vertical deformation reflect the plastic deformation of the test samples at failure in both the vertical direction on the loading axis and the parallel direction of the loading axis respectively, as shown in Figure 9 , which explicates the relationship between granules added ,and Figure 10 expressing the relationship of the vertical deformation with the ratio of the added granules, both horizontal and vertical deformation decrease with increasing percentage of polypropylene granules. This is explained by increasing the hardness and hardness of the asphalt binder with increase of granules in asphalt that reduces the flexibility and thus reduces the horizontal and vertical Flow values. 
Effect of polymer on HMA volumetric properties
Volumetric properties : the maximum theoretical density results from Fig 11 clarifies that significant reduction in the values with increasing polymer content in the mix, and this may backs to polymer specific density, which is lower than bitumen density as clarifed in Fig 11. Also, a slight noticeable increase in the air voids content has been noticed with increasing amount of the polymer content. All AV% values were within the limitation (between 3-5). Further, from Fig 12, addition of polymer has increased VMA%, because of higher air voids content. Also, all the percentage are within the GSRB limitation (above 14%) as cleared in Figure 13 . Fig 14 present the relation between polymer content and VFB%. Increasing amount of polymer resulted in sufficient negative change on VFB% values. The polymer content up to 4% reflected VFB% within the limitations (<70).
Returning to the design requirements of the asphalt mixture as demonstrated in Table 5 , the changes in the properties of asphalt mixtures due to the addition of polypropylene granules remained within the permissible limits. Therefore, the best percentage of granules added is the percentage that improves all or most mechanical properties of asphalt mixtures. As a result of the study and analysis of the results of the indirect tensile strength test, it has been concluded that addition of 4% of the polypropylene granules is the best percentage that gives optimal improvement and effective of the different properties of the asphalt mixture. The selected percentage was efficient to enhance the mechanical properties of the test program and reducing vertical and horizontal deformations, without effecting other volumetric and mechanical properties and makes them out of the limitations. Figure 11 The relationship between polymer content and Gmb Figure 12 The relationship between polymer content and air void Figure 13 The relationship between polymer content and V.M.A Figure 14 The Relationship Between Polymer content and V. 1-Polymer modified asphalt method showed higher mechanical performance than the control mixtures. 2-Increasing amount of polymer content within HMA mix resulted in ITS enhancement , for all studied percentages of the induced polymer. 3-Polymer has increased mixture strength by reducing vertical and horizontal deformations further to increasing ITS strength. 4-Polypropylene granules showed negative effect on HMA volumetric properties. Increasing amount of polymer has increased voids in mineral aggregates and air voids content, and reducing density and voids filled with bitumen. 5-The optimum percentage of polymer content was 4% based on the mechanical and volumetric properties, since other volumetric properties like VFB% showed values out of the standards (70-85%) at higher polymer content than 4%.
